Introduction
Type 2 diabetes mellitus (T2DM) results from relative defects in insulin secretion and action. T2DM may be associated with metabolic syndrome, and it is characterized by insulin resistance, android obesity, dyslipidemia and hypertension. Furthermore, it is responsible for increased morbidity and mortality related to cardiovascular diseases.
In Latin America, diabetes is a major health problem, where the prevalence has reached more than 19 million people [1], many of whom are at the productive age for work. This phenomenon has resulted in an increased burden on social security, thereby fueling the continuation of the vicious cycle of poverty and social exclusion.
In terms of morbidity, diabetes mellitus currently represents one of the major chronic diseases affecting people today, including individuals in countries at all stages of economic and social development. Even developed countries, which, despite scientific advances and easy access to health care, are affected by the increasing prevalence of diabetes. Thus, it is assumed that interventions aimed at preventing this disease, such as physical activity and diet, are underutilized [2] .
The relevance of diabetes has increased in recent decades as a result of various factors, such as a high urbanization rate, increased life expectancy, industrialization, hypercaloric diets rich in carbohydrates, displacement of populations to urban areas, changes in lifestyle, physical inactivity and obesity. It is estimated that by 2020, two-thirds of the disease burden will be attributed to chronic, noncommunicable diseases [3] . High-calorie diets and sedentary lifestyles are the major factors contributing to the increased prevalence of obesity, representing additional major risk factors for T2DM [4] .
Diabetes is the seventh leading cause of death in the United States. Among adults diagnosed with either type 1 or type 2 diabetes,12 percent take insulin only, 14 percent take both insulin and oral medication, 58 percent take oral medication only, and 16 percent do not take either insulin or oral medication [5] .
The treatment of diabetes is aimed predominantly at glycemic control. The treatment objectives are to relieve the symptoms, improve the quality of life, prevent acute and chronic complications, reduce mortality and treat the disease. The basic strategies for treatment and disease control of type 1 and 2 diabetes consist primarily of a specific diet, physical activity and the appropriate use of medication (oral agents and / or insulin). The outcome of the treatment depends on providing diabetic patients with education and ensuring that they adopt specific behavioral measures and practices.
Currently, there is a tendency to use unconventional measures of care for patients with chronic diseases, such as methods involving nonpharmacological treatment [6] , emphasizing continued practice and frequent daily exercise and walks. These approaches also emphasize proper nutrition, which is now regarded more as a benefit than as a punishment. The use of medications is indicated for T2DM, together with diet and increased physical activity [7, 8] .
Because it is not always possible to establish a full behavioral change in the high-risk population, and even trying to improve the prevention of T2DM can be difficult, a number of drugs have been tested with the intention of preventing this disease. Several drugs have been used, and some of the key studies are summarized here, including drugs such as oral anti-diabetic agents and other oral medications.
In obese patients with T2DM, the priority is weight loss. If glycemic control is not achieved after 4 to 6 weeks, drugs that sensitize the action of insulin (biguanide and thiazolidinedione) may be indicated, either in combination or not with anti-obesity drugs. If satisfactory glycemic control is not achieved, drugs that reduce the intestinal absorption of glucose (acarbose or miglitol) or that enhance insulin secretion (sulfonylurea, repaglinide or netaglinida) may be used.
In type 2 diabetic normal weight or overweight (body mass index <30 kg/m 2 ) individuals, sulfonylureas, repaglinide or nateglinide can be tried initially. If adequate glycemic control is not achieved after 2 to 4 weeks, biguanide, thiazolidinedione or an inhibitor of intestinal absorption of glucose can be added [7, 8] .
Often, the effectiveness of the chosen pharmacological treatment cannot be predicted. Pharmacotherapeutic failure or undesired effects that lead to other health problems, such as adverse reactions and toxicities, may arise. These events are regarded as a negative outcomes associated with the medication use.
In some cases, negative results associated with the use of a medication are inevitable, as in the case of some adverse reactions. However, negative reactions can sometimes be avoided, such as those that result from the inappropriate use of a drug or problems with the monitoring of a drug's effects. The occurrence of these avoidable outcomes could be reduced by adequate follow-up of patients [9] .
Non-effective treatment of T2DM leads to a significant increase in the values of glycated hemoglobin, which leads to a decreased quality of life for patients and a significant economic impact [10, 11] . The consequences of diabetes on health systems reflect only a fraction of the damage that is caused to individuals, their families and society.
In recent years, great progress in the treatment of T2DM has been observed. Different classes of drugs are used for this purpose, including analog and human insulin, drugs that act by reducing insulin resistance (biguanides and thiazolidinediones), secretagogues and their analogs (sulfonylureas, metglinides, inhibitors of DPP-4 or GLP-1 agonists) and drugs that reduce the rate of degradation of carbohydrates (alfaglicosidase inhibitors). Some treatments have been used for several decades, such as human insulin, which was first isolated in the 1930s. Other drugs have been developed over the last century, including metformin, which is the most used oral antidiabetic in the U.S. today, and liraglutide, an analog of GLP-1.
The current treatments aim to reduce insulin resistance and maintain adequate glycemic control to prevent or reduce microvascular and macrovascular complications by improving the function of the pancreatic beta cells through interventions involving diet, exercise, oral hypoglycemic agents, anti-hyperglycemic agents and / or anti-obesity drugs. There are currently several types of treatments, which may be used alone or in combination.
Among the class of biguanides, which sensitize the action of insulin, are metformin and phenformin. Metformin is used more frequently than phenformin and has fewer side effects (diarrhea, metallic taste and nausea -which may decrease with continued use). Among the advantages of this class of drugs is its anorectic effect, which aids in weight loss, and the fact that it does not cause hypoglycemia (it does not stimulate insulin secretion).
In the United States and some European countries, other classes of antidiabetic thiazolidinedione derivatives are available, such as rosiglitazone and pioglitazone, which act by increasing the sensitivity of the liver, muscles and adipocytes to insulin, resulting in a decrease in peripheral resistance. The use of troglitazone, which belongs to this therapeutic class, was suspended due to hepatotoxicity. Rosiglitazone is more potent and has lower liver toxicity and fewer interactions with other drugs because it does not induce metabolism by cytochrome P450 (CYP) 3A4. The side effects include upper respiratory tract infections, headache, elevated transaminases, edema, weight gain and anemia. Pioglitazone is also associated with less liver toxicity and has the same mechanism of action and side effects as rosiglitazone. However, pioglitazone interacts with some medications.
The competitive alpha-glucosidase inhibitors, such as acarbose, miglitol and voglibose, act as antagonists of sucrase and amylase, and they also decrease the intestinal absorption of glucose. The most frequent side effects of alpha-glucosidase inhibitors are bloating, diarrhea, abdominal pain and elevated transaminases, and they are contraindicated in cases of inflammatory bowel disease, pregnancy and lactation, hepatic or renal impairment.
Another class of drugs used to treat T2DM is the class of sulfonylureas, including chlorpropamide (first generation), glibenclamide, gliclazide and glipizide (the second generation) and glimepiride (third generation). These drugs act as insulin secretagogues, and the side effects are hypoglycaemia, hematological (leukopenia, agranulocytosis, thrombocytopenia and hemolytic anemia) and gastrointestinal (nausea, vomiting, more rarely cholestatic jaundice) complications and allergic reactions. They may also cause an increase in weight as a result of binding to the plasma proteins, and their effects can be enhanced by the use of other drugs concomitantly, causing hypoglycemia.
Additional insulin secretagogues include repaglinide, nateglinide and meglitinida. Derivatives of benzoic acid and the amino acid D-phenylalanine increase insulin secretion through an action similar to that of the sulfonylureas. Due to their rapid absorption, this action begins approximately 30 minutes after administration. These drugs do not have interactions with other medications and are not contraindicated during pregnancy, lactation or in the presence of other pathologies.
In many diabetic patients, a hypocaloric diet aimed at weight reduction alone is able to control glucose levels. The anti-obesity effects of catecholaminergic (amfepramone, fenproporex, mazindol), serotonergic (fluoxetine, sertraline) and mixed action catecholaminergic and serotonergic (such as sibutramine) drugs that affect appetite and the induction of satiety may be used. In addition to these, orlistat or tetrahydrolipstatin, which inhibit intestinal lipase and fat absorption, may allow a reduction of the dose of hypoglycemic medications.
The use of insulin in the treatment of T2DM reverses diabetes symptoms and may be used in those with severe hyperglycemia with ketonemia or ketonuria, newly diagnosed patients, or in diabetics who do not respond to treatment with diet, exercise and / or treatments with oral hypoglycemic agents with anti-hyperglycemic or insulin-sensitizing action. Initially, human insulin in association with porcine insulin and regular or single insulin were used. There is a high chance of developing hypoglycemia as a result of the use of interprandial insulin analogous, which have faster action than human insulin. Currently, several types of insulin analogs have been synthesized: lispro, aspart and glargine. These analogs differ in their speed of action and duration of effect due to structural changes in the position of the amino acid chains of insulin. There are multiple options for the rout of administration, and they can be used in combination with oral hypoglycemic agents.
New drugs for the treatment of diabetes are emerging, making multiple therapeutic options possible. Furthermore, the use of insulin by inhalation has been studied to reduce the difficulties associated with subcutaneous administration.
The aim of this chapter was to evaluate all of the available treatments for T2DM, their mechanisms of action and side effects, and also to describe the emerging drugs and trends that are anticipated in the coming years. A better understanding of the mechanisms of action of drugs and the adverse reactions associated with them is important for health professionals and caregivers of patients with T2DM.
Treatments

Biguanides
Metformin and phenformin are oral antidiabetic drugs of the biguanide class. Metformin is the drug of choice for treatment of adults with T2DM due to its low frequency of side effects. It is currently used by nearly one-third of diabetic patients in Italy and is prescribed in the U.S. (> 40 m million prescriptions in 2008). Phenformin is no longer marketed in many countries, although it is still available in Italy [12, 13] .
Both metformin and phenformin facilitate weight loss in obese nondiabetic patients without appreciably reducing glucose levels in the blood of such individuals. This weight loss is attributed to the anorectic effect and the slight reduction in the gastrointestinal absorption of carbohydrates [14] .
Metformin
Metformin is marketed in tablets of 500 or 850 mg, and the maximum dose is 2.5 g/day, although there are no reports in the literature on the use of metformin at doses up to 3 g when administered after meals to minimize gastrointestinal side effects [15] . It has been reported that this drug increases the number and improves the affinity of insulin receptors in adipocytes and muscle. In the muscle, metformin increases glucose uptake by 15 to 40% and stimulates glycogenolysis. In adipocytes, metformin inhibits lipolysis and the availability of free fatty acids (FFA). Moreover, metformin improves insulin action in the liver, decreasing hepatic production of glucose by 10 to 30% and, at the cellular level, it increases the tyrosine kinase activity of the insulin receptor, stimulating translocation of GLUT4 and the activity of glycogen synthase [16] .
The use of metformin also improves the lipid profile, resulting in a decrease in the triglyceride levels by 20 to 25%, a decrease in LDL-cholesterol by as much as 10%, an increase in HDLcholesterol by 17%, and a decrease in the level of factor plasminogen activator inhibitor (PAI-1) by 20-30 %. Insulin secretion in response to stimuli may remain unchanged or decrease as a result of the anorectic effect, which helps with weight loss. In addition to being associated with weight reduction, its effectiveness in glycemic control is similar to that of sulfonylurea [17] . Another advantage of metformin is that it does not induce hypoglycemia or stimulate insulin secretion [18] .
The isolated use of metformin in T2DM lowers blood glucose by approximately 25%, or 60 to 70 mg / dl, and glycosylated hemoglobin is reduced by 1.5 to 2% [16] . The intensive glucose control resulting from the use of metformin significantly decreases the risk of cardiovascular disease and mortality related to diabetes and patients presented less weight gain compared to other medications including insulin. Metformin also avoids the inconvenience of hypoglycemia induced by treatment with insulin or sulfonylureas [19] .
Metformin is absorbed in the intestine and excreted by the kidneys. It is minimally metabolized by the liver, has a low affinity for mitochondrial membranes, and it does not interfere with oxidative phosphorylation. Metformin is indicated as a monotherapy in obese diabetic or glucose intolerant patients. Approximately 5 to 10% of patients each year will not have an appropriate response to the drug. In these cases, to achieve satisfactory control, metformin can be used in combination with sulfonylureas, acarbose, thiazolidinedione, repaglinide and / or insulin [7, [20] [21] [22] [23] [24] .
The most frequent side effects are diarrhea (15%), a metallic taste and nausea, and these often decrease with continued use of the medication. The occurrence of lactic acidosis is rare (0.03 to 0.4 / 1000/year), occurring most often in people who have a contraindication to metformin, such as chronic liver disease (elevated transaminase 2 to 3 times normal values), heart failure, respiratory or renal failure (creatinine clearance <70 ml / min or serum creatinine ≥ 1.5 mg / dl). Metformin is not advisable for use in people over age 80, pregnant women, infants or alcoholics. In patients with proteinuria or those who are subjected to radiological examination containing iodine, it is prudent to provide adequate hydration and discontinue the medication a few days before [18] . Metformin shows synergistic effects with cimetidine and may decrease the absorption of vitamin B12 [15] .
Phenformin
Phenformin presents a hypoglycemic action based on its insulin-sensitizing properties, similar to metformin. Approximately 30% of phenformin has hepatic metabolism and shows a high affinity for mitochondrial membranes, and it may also interfere with oxidative phosphorylation [18] .
Due to its greater propensity to cause serious and fatal adverse events such as lactic acidosis, this drug was withdrawn from clinical practice in the 1970s. These effects are attributed to inhibition of Complex I of the mitochondrial respiratory chain. However, though no longer in clinical use, phenformin remains a widely used research tool to help delineate the cellular and molecular mechanisms that underlie the action of biguanides [25] .
Thiazolidinediones
The thiazolidinediones (TZD) are popularly known as glitazones. Among the representatives of TZD are troglitazone (withdrawn from the market due to liver toxicity), rosiglitazone and pioglitazone (second generation thiazolidinediones).
Widely used in the treatment of T2DM, these drugs exert their effect by increasing and sensitizing insulin action in the liver, muscle and fat cells, decreasing peripheral resistance. They activate the intracellular nuclear receptors (PPAR-gamma, peroxisome proliferator activated receptor), which regulate the expression of genes involved in the metabolism of glucose and lipids, genes that are responsible for glucose uptake mediated by insulin in the peripheral tissues and genes that participated in the differentiation of preadipocytes into adipocytes. Moreover, these drugs inhibit peripheral lipolysis in adipocytes and assist in reducing the levels of free fatty acids and visceral adiposity, resulting in improvement of glycemic and metabolic parameters in these patients. They show good results in maintaining Type 2 Diabetes 474 long-term glycemic control compared with other therapeutic options such as sulfonylureas and metformin [26] [27] [28] .
Thiazolidinediones decrease glucose levels by approximately 20%, but no increase insulin secretion is observed. These drugs inhibit oxidation of long chain fatty acids in the liver, and they decrease gluconeogenesis and the availability of free fatty acids. Although they induce a decrease of triglycerides by 15 to 20% and an increase of HDL-cholesterol of 5 to 10%, the total cholesterol and LDL-cholesterol levels may not change or they may increase by 10 to 15% [18] . When compared to metformin, it has been observed that troglitazone has a greater potentiating effect for peripheral insulin action and less of an effect for reducing the hepatic glucose output. The association of thiazolidinedione with metformin is interesting because these drugs have additive effects [22] .
Thiazolidinediones also increase the expression of the glucose transporter (GLUT4) and lipoprotein lipase, and they reduce the expression of leptin and tumor necrosis factor (TNFalpha). These results make this drug class the most widely prescribed for the treatment of T2DM [18, 29] .
Side effects occur in less than 5% of patients, consisting of upper respiratory tract infections, headache, elevated transaminases, edema, weight gain and anemia. Hypoglycemia can occur when the use of thiazolidinediones is concomitant with secretagogues or insulin. Their use is contraindicated in children, pregnant women, or in individuals with elevated transaminase levels that are 2-3 times the values of reference [18] .
Troglitazone
In mice subjected to arterial injury, troglitazone inhibited the growth of vascular smooth muscle cells and intimal hyperplasia, suggesting that thiazolidinediones decrease the progression of atherosclerosis. In diabetic patients treated with troglitazone, decreases were observed in platelet aggregation, factor plasminogen activator inhibitor (PAI-1) and blood pressure levels. These multiple effects strengthen its indication for the treatment of metabolic syndrome. However, caution is recommended with the indication because of the possibility of hepatic complications, including reports of fatalities associated with the use of troglitazone. Additionally, this drug should be administered with caution in cardiac patients due to the possibility of edema [18, 30, 31 ].
Pioglitazone
Pioglitazone can be used as monotherapy or in combination with metformin, which has antihyperglycemic effects, or with sulfonylurea, meglitinida, or even insulin, especially in diabetic patients with metabolic syndrome. The dose varies from 15 to 45 mg, and it may be administered once a day. This drug displays mechanism of action and similar side effects to rosiglitazone, and it causes less liver toxicity than troglitazone. However, pioglitazone may interact with other drugs metabolized by P450 enzymes through changing their serum levels. An example is a decrease by approximately 30% of the contraceptive effect of ethinyl estradiol and norethindrone. Accordingly, the dose of the contraceptive must be increased in diabetic women who do not wish to become pregnant. The pharmacokinetics of pioglitazone are not altered by mild to moderate renal insufficiency [32] .
Rosiglitazone
Rosiglitazone is more potent and has lower hepatotoxicity than troglitazone. Furthermore, it stimulates metabolism by cytochrome P450 (CYP) 3A4 without interacting with oral contraceptives, digoxin, ranitidine or nifedipine. Rosiglitazone dosage varies from 4 to 8 mg, and it may be given once a day. Similar to pioglitazone, rosiglitazone's pharmacokinetics are not altered by mild to moderate renal insufficiency, and dose modification is not required [33] .
Recently published safety data prompted concerns about a possible association between the chronic use of rosiglitazone and an increased risk of cardiovascular events, leading to some parsimony in the use of TZDs in clinical practice. Furthermore, studies have recently shown bone loss and increased fracture among users of these medications in [27, 29, 34 ].
Alpha-glucosidase inhibitors
The competitive inhibitors of alpha-glucosidase, such as acarbose, miglitol and voglibose, act as enzymatic antagonists of oligosaccharide (e.g. amylase, maltase and sucrase) and decrease the intestinal absorption of glucose, particularly postprandial absorption, thereby modulating the insulin secretion [35] . These inhibitors present the advantage of lowering the incidence of cardiovascular events, and they have no systemic absorption [36] .
More specifically, alpha-glucosidase is inhibited competitively, and its availability for oligosaccharides derived from the diet is reduced. Thus, the formation of monosaccharide decreases, and less insulin is required for metabolism, which leads to a reduction of glucose (because it is not absorbed) as well as postprandial insulin-induced increases [37] . These effects reflect a significant decrease in glycated hemoglobin [38, 39] , which is more evident in highly hyperglycemic patients. Hyperglycemia in patients with mild or moderate glycemic control is less common than in those using other oral antidiabetic agents. In such cases, competitive inhibitors of alpha-glucosidase can be used in combination with insulin or any other oral hypoglycemic agents.
Acarbose
Acarbose has microbial origin and is structurally similar to natural oligosaccharides, having an affinity 104-105 times higher than drugs of the same class of alpha-glucosidases. With regard to the pharmacokinetic aspects, acarbose is poorly absorbed in the intestine (less than 2%). The products produced by bacterial enzymes cleave acarbose, yielding intermediate 4-metipirogalol, which is conjugated and excreted as sulfates or glucuronidate [39] .
In a prospective, randomized, double-blind, placebo-controlled trial [40] , there was a satisfactory control of fasting and postprandial glucose with acarbose in T2DM. In a multicenter, randomized, double-blind, placebo-controlled clinical trial [41] conducted in patients with T2DM who were subjected to a specific diet and use of insulin, the patients showed decreased levels of blood glucose and glycated hemoglobin as well as a reduced daily requirement for insulin.
In a systematic review [42] , it was concluded that acarbose inhibits postprandial hyperglycemia by lowering insulin levels after a glucose overload. However, it presents no advantages with respect to corporal weight or lipid metabolism, and there are no statistically significant effects on mortality, morbidity and quality of life in patients with T2DM. Compared with placebo, acarbose reduces HbA1c and fasting plasma glucose and postprandial glucose. Compared with sulfonylureas, it reduces glycemic control and has major adverse effects, particularly gastrointestinal.
Voglibose
Voglibose also has a microbial origin, and only 3-5% of the drug is absorbed at the intestinal level. It is a potent inhibitor of alpha-glucosidase, but it is weaker than acarbose in the inhibition of sucrase and has little effect on pancreatic alpha-amylase [39] .
Miglitol
Miglitol has a synthetic origin. It is absorbed rapidly through a transport mechanism in the jejunum that is partly identical to glucose, and it is quantitatively excreted unchanged by the kidney. Miglitol differs from acarbose, as it does not inhibit alpha-amylase, but rather it inhibits intestinal isomaltase [39] .
The most frequent side effects of alpha-glucosidase inhibitors are seen at the intestinal level: flatulence, diarrhea, abdominal pain and elevated transaminases. The occurrence of hypoglycemia and an increase in body weight are rare because the agent does not stimulate insulin release or hypersecretion. These effects are only observed when miglitol is combined with other therapies. Its use is contraindicated in cases of inflammatory bowel disease, pregnancy and lactation, and hepatic or renal impairment.
Sulfonylureas
Another class of drugs used in the treatment of T2DM is the class of sulfonylureas, chlorpropamide and tolbultamide (first generation), glibenclamide, glipizide and gliclazide (second generation) and glimepiride (third generation). This class was introduced commercially in the 1950s and has since been recognized as first-line therapy and as a monotherapy or in combination [43] . The sulfonylureas are the drugs of choice for type 2 diabetics who do not benefit exclusively from diet and exercise [44] .
These drugs act as insulin secretagogues and exert their main action on islet B cells, stimulating insulin secretion and thereby reducing the plasma glucose concentration [45] . The mechanism of action involves binding of the drug to a subunit of the ATP-sensitive potassium channels in the plasma membranes of B cells. The channels are closed, leading to a change in the membrane voltage, calcium influx and exocytosis of insulin granules [46, 47] .
The basal secretion and insulin secretory response to various stimuli are intensified in the early days of treatment with sulfonylureas. With longer-term treatment, insulin secretion continues to increase, and tissue sensitivity to insulin also improves by an unknown mechanism [45] .
The sulphonylureas are well absorbed after oral administration, and most reach peak plasma concentrations in 2-4 hours. The duration of the effect varies. All of these drugs bind tightly to plasma albumin and are involved in interactions with other drugs (e.g., salicylates and sulfonamides) such that there is competition for binding sites. The sulfonylureas (or their active metabolites) are mostly excreted in the urine; thus, their action is increased in elderly patients or those with renal disease [45] .
First-generation sulfonylureas
The action of chlorpropamide and tolbultamide is long lasting, with substantial excretion in urine. Therefore, these drugs can cause severe hypoglycemia in elderly patients where there is a progressive decline in glomerular filtration. They cause flushing after alcohol consumption and exert similar effects to the diuretic hormone on the distal nephron, producing hyponatremia and water intoxication [45] .
Second-generation sulfonylureas
The second-generation sulfonylureas (glibenclamide, glipizide and gliclazide) are more potent, but their hypoglycemic effects are not much greater, and failure to control blood glucose is as commonly observed as that with tolbutamide. All of these drugs contain the sulfonylurea molecule, but different substitutions result in pharmacokinetic differences, and thus differences in the duration of action. Glibenclamide should be avoided in the elderly and in patients with mild renal impairment because of the risk of hypoglycemia, as several of its metabolites are excreted in the urine and are moderately active [45] .
The sulfonylureas cross the placenta and stimulate insulin release by fetal B cells, causing severe hypoglycemia at birth. Consequently, their use is contraindicated during pregnancy, and gestational diabetes is treated by diet supplemented where necessary with insulin [45] .
In general, sulfonylureas are well tolerated. The observed side effects are hypoglycemia, hematological (leukopenia, agranulocytosis, thrombocytopenia, and hemolytic anemia) and gastrointestinal (nausea, vomiting, more rarely cholestatic jaundice) problems and allergic reactions. Sulfonylureas may also cause weight gain, and binding to plasma proteins can be potentiated by other drugs used concomitantly, causing hypoglycemia. This condition is the most worrisome adverse event observed and may be prolonged, which can have severe consequences in elderly patients, patients treated with multiple drugs and those with impaired renal function. Moreover, sulfonylureas stimulate appetite and can occasionally cause allergic rashes and bone marrow injury [45] .
Glimepiride
The United States Food and Drug Administration (FDA) approved glimepiride in 1995 for the treatment of T2DM alone and in combination with metformin or insulin. It has prolonged action, lasting over 24 hours. Glimepiride has advantages with respect to its clinical and pharmacological profile, and it has also been shown to cause a lower incidence of severe hypoglycemia compared to other representatives of their class [48, 49] .
Regarding hypoglycemia, the findings observed in some studies differ. In a systematic review and meta-analysis [50] , we concluded that glimepiride caused more hypoglycemia compared to other sulfonylureas, and even more than other secretagogues. In other studies, the longacting sulfonylureas, such as chlorpropamide and glibenclamide, have been shown to be more likely to cause hypoglycemia [51] [52] [53] . In a UK survey, the rate of diagnosis of hypoglycemia was higher for glibenclamide compared to other representatives of the same class [51] .
With regard to weight gain, in the United Kingdom Prospective Diabetes Study (UKPDS), the mean weight change after 10 years of follow up ranged from a minimum of 1.7 kg as a result of glibenclamide use to a maximum 2.6 kg with chlorpropamide use [19] . Glimepiride was claimed to be at least neutral with respect to body weight, and weight reduction has been observed by some authors [54, 55] .
Sulfonylureas have different cross reactivities with cardiovascular ATP-dependent potassium channels. The closing of these channels by ischemic preconditioning can lead to cardiovascular mortality [56] .
Several compounds increase the hypoglycemic effect of sulfonylureas, and several of these interactions are potentially important from a clinical standpoint. The non-steroidal antiinflammatory agents (including azapropazone, phenylbutazone and salicylates), coumarin, some uricosuric agents (e.g., sulfinpyrazone), alcohol, monoamine oxidase inhibitors, some antibacterials (including sulfonamides, and chloramphenicol trimethropim) and some antifungal agents (including miconazole and possibelmente, fluconazole) produce severe hypoglycemia when administered with sulfonylureas. The probable basis for these interactions is the competition for metabolizing enzymes, but interference in the plasma protein binding or excretion may also exert some effect. The agents that reduce the action of sulfonylureas include diuretics (thiazides and loop diuretics) and corticosteroids [45] .
Glinides
Other insulin secretagogues drugs include repaglinide, nateglinide and mitiglinide. Derivatives of benzoic acid and the amino acid D-phenylalanine increase insulin secretion through an action similar to the sulfonylureas. Due to their rapid absorption, the action begins approximately 30 minutes after administration. These drugs have no interactions with other medication and are not contraindicated in pregnancy, lactation or in the presence of other pathologies Repaglinide and nateglinide are insulin secretagogues with short action, with a half-life equivalent to 1 hour for the repaglinide and 1.5 h for nateglinide. Both of these secretagogues act by triggering an insulin peak during the postprandial period when administered before meals [57] .
Repaglinide
Repaglinide ((S) -(+)-2-ethoxy-4-[2 -(3-methyl-1-[2 -(piperidin-1-yl) phenyl] Butylamino)-2oxoethyl] benzoic acid) was the first representative of the class of glinides, which differs from other classes of anti-hyperglycemic drugs due to its distinct molecular structure, mechanism of action and mechanism excretion [58] .
This drug acts as a short-acting insulin secretagogue that targets the postprandial-released glucose. It significantly reduces the levels of plasma glucose in individuals with T2DM [59] .
The mechanism of action of repaglinide involves blocking potassium efflux from pancreatic β cells. This action depolarizes the cells by opening voltage-gated calcium channels. This process results in increased calcium influx into the B cells, which stimulates the exocytosis of insulin-containing secretory granules [60, 61] . Regarding the pharmacokinetics, this drug has rapid absorption and rapid elimination, with a plasma half-life of up to 1 hour [61] . Repaglinide is primarily metabolized in the liver, and 90% of the drug is excreted through the gut and 8% through the urine [62] . Because the action of this drug is rapid and the time of effect is relatively short, it carries a low risk of hypoglycemia [63] . Repaglinide may be used as a monotherapy or in combination with other antidiabetic agents, such as metformin and glitazone [62] .
Nateglinide
Nateglinide (3-phenyl-2-[(4-propan-2-ylcyclohexanecarbonyl) amino] propanoic acid) as well as repaglinide acts by inhibiting potassium channels that are sensitive to ATP, causing depolarization of the plasma membrane of the β cell. This processes culminates in the influx of calcium ions into the cell and subsequent insulin secretion [64] . Nateglinide is thus an insulinotropic agent that is capable of restoring the physiological pattern of insulin secretion, which is not regulated in diabetic patients [65] .
Potassium channels are known to be ATP-dependent in cardiac cells as well as in pancreatic β cells. Thus, a reasonable degree of concern exists regarding the influence of therapeutic agents that act on these channels on heart function. Nateglinide has a high selectivity for pancreatic potassium channels and is more reliable in relation to repaglinide and glibenclamide with regard to the possible onset of cardiovascular events [65] .
Nateglinide induces rapid and transient insulin secretion in a glucose-dependent manner. The response of potassium channels to nateglinide is remarkably lower during periods of euglycemia compared to periods when the glucose levels are high. Thus, the minimum total insulin exposure generated by this drug protects against hypoglycemia attacks, allowing the patient some flexibility regarding the intervals between meals [62] .
The effects of nateglinide are specific to prandial insulin release, allowing for the observed reduction in glycated hemoglobin (HbA1c) without the risk of hypoglycemia between meals [65] .
With regard to the pharmacokinetic properties, nateglinide is rapidly absorbed, and the peak plasma concentration is reached in 1 hour. The drug metabolism occurs in the liver, and approximately 10% is excreted unchanged via the kidneys [62] .
As with repaglinide, nateglinide can be used as a monotherapy or in combination with other agents, such as metformin or glitazone. Both repaglinide and nateglinide have similar efficacy for reducing the fasting blood glucose levels and postprandial plasma glucose, and during early insulin secretion, they contribute to an improvement of insulin sensitivity and pancreatic β cell function. However, repaglinide was shown to be more effective with regard to reducing HbA1c [65] .
Mitiglinide
Mitiglinide is also an analogue of the meglitinides, and it has a mechanism of action that has been previously elucidated for other substances [60] . However, mitiglinide is not yet approved by the FDA for the treatment of T2DM.
Treatment based on the effects of incretin hormones
The use of incretin hormones in the treatment of type 2 diabetes is the subject of extensive investigations that have culminated in the development of new classes of drugs that have been recently approved for the treatment of the disease. The intensification of the action of incretin, especially GLP-1, is the basis of numerous new options for the metabolic control of T2DM.
Incretin mimetics, such as exenatide, as well as inhibitors of the enzyme DPP-4, such as sitagliptin and vildagliptin, have been developed. In general, these agents reduce the blood glucose levels to a level similar to that induced by other oral hypoglycemic agents with minimal risk of hypoglycemia. Furthermore, they have potential preventive effects and may promote disease regression. They may also have possible protective effects and promote growth in pancreatic β cells.
Antagonists of GLP-1R
Exenatide
Exenatide is an exendin-4 GLP-1 mimetic with ~53% homology to endogenous GLP-1. It is currently approved for use as a monotherapy or in combination with metformin and/or sulphonylureas [66] . Exenatide is administered subcutaneously at a dose of 5 or 10 mg, twice a day. It binds to the GLP-1 receptor and has a longer lasting action because it presents greater resistance to the action of DPP-4 [67, 68] .
In phase III studies, exenatide improved glycemic control in patients with type 2 diabetes for whom glycemic control was not achieved with metformin and / or sulfonylurea. These studies were double-blind, placebo-controlled, 30-week trials. The initial HA1c ranged from 8.2% to 8.7% and was reduced by approximately 1% when exenatide was compared with placebo. There was a mean weight loss of approximately 2 Kg. In the clinical trials that have been performed to date, the drop-out rate due to side effects of exenatide was less than 5% [69, 70] The main adverse effects of exenatide are nausea, vomiting and diarrhea. Most episodes of nausea are mild to moderate and dose dependent, and they decrease in frequency with continued treatment [71] .
GLP-1 analogs
Liraglutide
Liraglutide is a long-acting human GLP-1 analogue that shares 97% amino acid sequence identity with human GLP-1 and is resistant to dipeptidyl peptidase-IV. Native GLP-1 has a short elimination half-life of 1-2 min, whereas liraglutide has a long half-life of approximately 13 hours and can be administered once a day [67, 72] . When administered once daily, liraglutide enables significantly superior glycemic control compared to that obtained with the administration of exenatide 2 times per day and is generally well tolerated [69] .
Other GLP-1 analogs, taspoglutide and albiglutide are currently in phase III clinical trials. Albiglutide has a long half-life, allowing administration once per week.
DPP-4 inhibitors
Vildagliptin
Vildagliptin is a DPP-4 inhibitor that prolongs the activity of endogenous GLP-1. A study that compared vildagliptin with metformin showed a smaller decrease in HA1c after one year with vildagliptin, but fewer gastrointestinal side effects. Comparison of vildagliptin and pioglitazone showed similar reductions in HA1c [73] .
Vildagliptin is used in several countries, but it has not been approved by the FDA because of the occurrence of elevated enzyme levels in patients taking higher doses of vildagliptin.
Sitagliptin
Sitagliptin is a DPP-4 inhibitor that was approved by the FDA in October 2006 to improve glycemic control in patients with type 2 diabetes. It is approved for use as a monotherapy or in combination with other oral hypoglycemic agents. It is administered at a dose of 100 mg per day [74] . Treatment with this DPP-4 inhibitor is generally well tolerated. Sitagliptin monotherapy or in combination was shown to have a neutral effect on body weight. The incidence of hypoglycemia and gastrointestinal effects, such as abdominal pain, diarrhea, nausea and vomiting, was not significantly different between the groups treated with sitagliptin and placebo [75] .
Sitagliptin displays a relatively low effectiveness in reducing HA1c and plasma glucose compared to other antidiabetic agents that have been utilized clinically for many years. Additionally, sitagliptin does not have beneficial effects beyond its effects on glycemic control, such as reduction in body weight [76] .
Alogliptina and saxagliptin are still under investigation, and they have not been approved for use by the FDA.
Anti-obesity drugs
Many clinical studies have reported the significant influence of excess body fat on metabolic disorders, such as T2DM. Notably, patients with T2DM who are significantly overweight (20% to 40%) have a higher mortality rate compared with patients with the same disease but who are within the proper range of weight. In many diabetic patients, a reduced calorie diet aimed at weight reduction alone is able to control blood glucose levels. However, for these individuals, body weight control is more complicated, both due to a mechanism of disease and for the treatment of disease. Thus, many doctors resort to drugs that are capable of inducing weight loss in patients with metabolic disorders [77] .
In patients whose body mass index (BMI) is above 30 kg/m2 or those with morbid conditions associated with overweight for whom non-pharmacological weight loss methods (diet, exercise) have failed, the use of antiobesity drugs is recommended [78] . These drugs may include medications with catecholaminergic action (amfepramone, femproporex, mazindol), serotonergic action (fluoxetine, sertraline) and mixed catecholaminergic and serotonergic action (such as sibutramine), which promote appetite control and induction of satiety. In addition to these drugs, tetrahydrolipstatin or orlistat may be used to inhibit lipase reducing intestinal fat absorption, allowing for a reduction of the dose of the hypoglycemic drug.
Amfepramone (diethylpropion), femproporex and mazindol are amphetamine derivatives. They work by stimulating the central nervous system, prompting the release of noradrenaline in the central and peripheral synapses. Through this mechanism, these drugs cause appetite suppression [79] . Amfepramone has been available in the market for weight loss since the 1960s [80] . It has been demonstrated in clinical trials with animals that mazindol stimulates the consumption of oxygen by increasing the stimulation of noradrenaline in the brown adipose tissue. Through this thermogenic effect, mazindol is capable of inducing weight loss [78] .
The anorectic catecholaminergic drugs usually have good gastrointestinal absorption and are able to reach peak plasma levels within 2 hours of administration, and their metabolism is mainly hepatic. The catecholaminergic drugs have serious side effects, such as increased heart rate and blood pressure [78] . Generally, the use of amphetamine derivatives is accompanied by a remarkable pharmacodynamic tolerance, and their anorectic actions over the long term are not known [79] .
Catecholaminergic and serotonergic medications have different effects on food intake. The former delay the start of ingestion, and the latter anticipate the completion of food intake [78] .
Sibutramine acts by inhibition of noradrenaline and serotonin receptors, elevating the levels of these neurotransmitters in the hypothalamus and brainstem regions associated with energy homeostasis. This mechanism induces satiety and therefore the reduction of food intake. In addition to generating weight loss, sibutramine significantly reduces triglyceride and HDLcholesterol levels, its therapeutic action may be accompanied by some adverse effects, such as constipation, headache, and insomnia, which are usually mild [81] . However, cardiovascular events associated with the use of this substance, such as an increased heart rate and elevated blood pressure, are of concern [82, 83].
Orlistat is a reversible inhibitor of pancreatic and gastric lipase that induces weight loss by preventing the absorption of a significant amount of fat digested in the intestine [82] . It inactivates fat hydrolyzing, thereby reducing the absorption of calories by the patient [84] . The effect of orlistat on body weight reduction corresponds to benefits for other cardiometabolic parameters, such as blood pressure, waist circumference, and blood glucose. Among the most common adverse side effects of orlistat are diarrhea, flatulence, bloating and dyspepsia [81] .
Although the weight loss caused by these drugs is generally not very significant, there is an improvement in insulin sensitivity and glycemic control in overweight patients who use these substances [84] . This effect emphasizes the importance of aid in the pharmacological management of obesity in patients with T2DM and other metabolic disorders; it is insufficient to only change the patient's lifestyle.
Insulin
The classification of insulin is based on the preparation. Namely, the duration of its action as short-acting, intermediate or basal insulin determines the classification. The latter two are the result of changes in crystalline insulin (short-acting). The addition of protamine and zinc result in Neutral Protamine Hagedorn (NPH) with intermediate and basal action, respectively.
The change in amino acid sequence allowed for the development of insulin analogues. The fast-acting insulin analogues lispro and aspart are available for clinical use and show similar pharmacokinetic and pharmacodynamic properties. The formulations glargine and detemir represent similar groups that may have either basal or long-term action (24 hours) [85] .
Short or ultra-rapid-acting insulin
This group includes regular insulin and the analogues lispro, aspart and glulisine.
Regular insulin is usually administered by the subcutaneous route, often in combination with an intermediate-acting or long-duration insulin. Specific buffers are used to prevent crystallization due to its slow infusion. With this type of insulin, the monomers are presented in an associated hexamer form, which reduces the rate of absorption. Generally, regular insulin is indicated for the treatment of diabetic ketoacidosis, and it is also associated with human insulin intermediate-acting or basal analogs before meals [86] . This insulin must be given 30-45 minutes before meals to reduce the postprandial glycemia peak, and the activity lasts between 2 and 4 hours. However, patients tend to apply it at mealtime, which contributes to postprandial hyperglycemia and hypoglycemia in the period between meals because the regular insulin will peak at the time that the food has been metabolized. The first rapid-acting insulin analogue became available in 1996, and other rapid-acting analogs have been developed since. These analogues were produced by different modifications of the chemical structure of the human insulin protein, substituting various amino acids at different positions to shorten the onset and duration of action when compared to regular/ soluble insulin.
Insulin lispro is an analogue of human insulin developed using genetic engineering to reverse the amino acids proline and lysine in positions 28 and 29 of the beta chain, resulting in a sequence of Lys (B28) Pro (B29). This insulin in pharmaceutical preparations with phenol and zinc forms stable hexamers [86] . It has a lower tendency to self-aggregate at the site of subcutaneous injection, it is absorbed faster than regular human insulin, and it mimics the physiological insulin profile in response to a meal. Lispro begins to take effect within 5 -15 minutes, and the duration of action is 1-2 hours [87] . During the use of these analogs, an additional dose is required in the afternoon to compensate for hyperglycemia that may result from an afternoon snack. There is evidence that compared with regular insulin, lispro insulin reduces the postprandial hyperglycemic peaks as well as the risk of hypoglycemia, especially at night [86] .
In insulin aspart, a proline residue is replaced with a negatively charged aspartic acid at position 28 of the beta chain, producing electrical repulsion among the insulin molecules, which reduces their tendency for self-association. In vials or cartridges, the drug is present in the form of hexamers that rapidly dissociate into monomers and dimers in the subcutaneous tissue, ensuring rapid absorption. The pharmacokinetic profile includes the onset of action within 5 -15 minutes and a duration of action of 1-2 hours [86] .
The insulin glulisine is another insulin analogue with ultra-rapid action that is obtained by the exchange of asparagine for lysine at position 3 of the beta chain and lysine for glutamic acid at position 29 of the same chain. To date, there are few studies with glulisine, which seems to be similar to lispro and aspart with regard to its efficacy and the occurrence of hypoglycemic events. Due to its faster absorption, glulisine should be administered 5-10 minutes before a meal, ensuring greater flexibility for the patient and thus improving his/her quality of life. The short half-life reduces the need to eat food 2-3 hours after its administration, which is necessary with regular insulin, for which the greater half-life causes postprandial hypoglycemia. Although chemical structures of glulisine and insulin are different, no significant difference in time or duration of action was reported between them.
Intermediate-acting insulin
NPH insulin was introduced in 1946. It is a suspension of insulin in a complex with zinc and protamine in a phosphate buffer. Generally, a dose is given once a day before breakfast or twice daily. NPH has an absorption peak at approximately 4.6 hours after subcutaneous administration, followed by a steady decline in the level of plasma insulin [88] . This insulin can be mixed with regular insulin in the same syringe to increase patient compliance, especially in the case of children. However, the zinc present in the slow-acting insulin can prolong the effect of regular insulin [86] .
The profiles of action of intermediate-acting insulin make them suitable for systems in which basal insulin is given one to three times daily. A rigid daily feeding programming is required, including a relatively fixed schedule for meals and snacks with consistent indices of carbohydrate meals / snacks. The major disadvantages of NPH are the wide variations in the daily timing and duration of the peaks within and between individuals, which, when compared to long-acting analogs, may result in non-optimal metabolic control and an increased risk for nocturnal hypoglycemia. The slow-acting insulin was used for many years as an intermediateacting insulin with a profile of action similar to that of NPH.
Basal insulin analogs (long-action insulin analogs)
The insulins glargine and detemir belong to a group referred to as long-acting or basal insulin analogs [86] .
Insulin detemir is produced by recombinant DNA technology, with expression in Saccharomyces cerevisiae followed by chemical modification [89] . A fatty acid (myristic acid) is attached to the lysine at position 29, which binds to circulating albumin, forming a complex that dissociates slowly, thus prolonging the duration of its action [79] . The insulin detemir is soluble at neutral pH; however, it can be mixed with rapid analogs. Insulin detemir has shown potential benefits for body weight, with weight loss or decreased weight gain in adults, in children and in adolescents [90] .
Insulin glargine is synthesized by introducing changes into the amino acid chain of human insulin, including a substitution of asparagine with glycine at position A21 and the addition of two arginines at position B30. These changes result in a standard single release from the injection site. That is, this analog precipitates in the subcutaneous tissue, allowing a gradual absorption into the bloodstream [91] .
Basal insulin was developed to promote basal levels within 24 hours, and it may be administered once a day or at bedtime. When comparing conventional long-acting insulin with insulin glargine, it can be observed that insulin has a similar profile at a constant concentration without prominent peaks [92] . It has an onset of action between 1 and 2 hours, reaching the plateau of biological action between 4 and 6 hours with termination of the effect between 20 and 24 hours. Due to a slightly acidic pH, glargine cannot be mixed with any other insulin in the same syringe; accordingly, some children complain of a burning sensation at the application site [86] . The timing of administration of glargine seems to have no impact on its efficacy for glycemic control, but the dose should be given at approximately the same time each day to maintain its efficacy as a free insulin peak action. If a dose is omitted, 50% of the daily insulin will be missed on that day.
Inhalable insulin
The benefits of injectable insulin are often limited, considering the difficulty of persuading patients to comply with the requirements for adequate treatment due to the need for multiple injections [93] .
Aiming to alleviate this discomfort, the first US-approved inhaled insulin (Exubera ®) Pfizer / Nektar became available in January 2006. This product consisted of a dry powder formulation containing 1-3 g of human insulin administered via a single inhaler dose [94] . A polyethylene glycol inhalable dry powder that releases the equivalent of 3 to 8 UI of short-acting insulin subcutaneously [95] was developed for this product. Although Exubera has demonstrated efficacy and a low risk of hypoglycemia, there was a poor acceptance by the prescriber and the patient, and in April 2008, the first clinical evidence that it may cause cancer emerged, with 6 cases diagnosed with lung cancer. There were also cases of primary lung malignancy in patients who had a history of smoking. Other important aspects include coughing, pulmonary function deterioration and an increase of anti-insulin antibodies [96] .
AERx insulin was developed by Aradigm Corporation and Novo Nordisk. This system generates aerosol droplets from liquid insulin. The device guides the user to inhale reproducibly. It also offers the ability to download data related to the patient's insulin use, such as the frequency of inhalation, allowing for the monitoring of the treatment. Because of the experiences reported in the Exubera studies, their studies have been discontinued [97] .
Technosphere Insulin (TI) is another system involving inhaled dry powder blends of recombinant human insulin (MannKind Corp.) using a MedTone ® (Pharmaceutical Discovery Corp.) inhaler. This system is currently in phase II clinical research, and the partners have developed a placebo for inhalation, allowing for controlled and double-blind studies in patients with diabetes mellitus [95, 97] .
Insulin and cancer risk
Studies report that chronic hyperinsulinemia is associated with the pathogenesis of colon cancer and also with breast, pancreas and endometrium cancer [98] . One possible mechanism that explains this relationship is that insulin resistance and hyperinsulinemia, which are characteristic of diabetic patients, or even increased levels of therapies based on endogenous insulin secretagogues or insulin, may increase the level of growth factor 1 of insulin, which plays an essential role in carcinogenesis [99] . Insulin receptors are present in (pre)-neoplastic cells, and insulin can stimulate growth. Furthermore, these cells may be susceptible to mechanisms that cause insulin resistance, such as subclinical chronic inflammation with increased TNF-alpha, which act as promoters of tumor growth. Obesity is associated with an increased risk of developing cancer due to factors such as the endocrine and metabolic effects and the consequent changes that they induce in the production of peptide and steroid hormones [98] . The results of a meta-analysis published in 2012 reported an increase of 28% in the risk of developing cancer in patients using insulin compared to non-users. Thus, there is growing that we are experiencing a worldwide epidemic of diabetes mellitus due to a large aging population and the increasing number of obese people who develop insulin resistance and hyperinsulinemia, which may further contribute to the number of patients with cancer [99] .
The results of recently published meta-analyses indicate that some cancers develop most frequently in patients with diabetes, especially type 2 diabetes, although prostate cancer was shown to be less frequent in men with diabetes. Thus, preventive measures should be encouraged among the population to prevent these diseases [99] .
Conclusion
Despite the clear benefits of achieving and maintaining glycemic goals and the availability of newer and potentially more effective drugs for the management of T2DM, the number of patients with poor glycemic control has not substantially decreased over the past 10 years.
The progressive nature of T2DM has been a significant challenge for achieving adequate glycemic control. The inability of classical oral antidiabetic agents to prevent the disease and maintain good metabolic control over the long term has motivated research on new physiological pathways involved in glucose homeostasis. The use of agents based on the effect of incretin hormones for the treatment of T2DM is quite promising. These treatments act through a mechanism that is distinct from that of drugs that have been commonly used in the treatment of this pathology. Furthermore, these agents reduce blood glucose levels to a level similar to other oral hypoglycemic agents with a minimal risk of hypoglycemia, they have few side effects, and they have no immediate need for dose titration.
However, although some of these agents have already been approved for the treatment of type 2 diabetes by regulatory authorities, phase IV studies and clinical experience are necessary to establish their actual benefits with greater certainty. The extra-glycemic effects, safety profiles and advantages and disadvantages compared to classically used oral antidiabetics remain to be fully characterized.
The increasing availability of numerous classes of medications has given clinicians and patients more therapeutic choices and perhaps an improved ability to achieve glycemic goals.
